INTRODUCTION
microscopy techniques have been recently combined with in situ mechanical loading to 1 investigate cell mechanics within the intervertebral annulus fibrosus (37) and cartilage under 2 loading (38). However, such methods have never been applied to characterise the local 3 mechanical environment of bone cells in vivo. 4 The objective of this research is to characterise the local mechanical environment of 5 osteocytes and osteoblasts from normal and osteoporotic bone in a rat model of osteoporosis.
6
We design a purpose-built micromechanical loading rig, and combined this with a confocal 7 microscopy and DIC imaging technique, to characterise the mechanical environment of 8 osteoblasts and osteocytes in situ under physiological loading conditions. We investigate the 9 local mechanical environments of osteocytes and osteoblasts after 5 and 34 weeks oestrogen 10 deficiency, and compare these to cells within the bone tissue of sham operated controls.
12

MATERIALS AND METHODS
13
2.1.
Custom-designed loading device 14 In order to visualise the local mechanical environment of the cells, a custom loading device 15 was designed that is compatible with a confocal microscope (Zeiss LSM 51) and comprised a 16 specialised loading stage and sample grips to ensure that samples could be held flush with the 17 microscope objective (Fig. 1) . A high-torque stepper motor (ST2818L1006, Nanotec) and each pixel by comparing the deformed image with the reference image. A zero-mean 1 normalised cross-correlation (ZNCC) coefficient is then determined for each image pixel.
2
Once the correlation coefficient extremes (maximum and minimum) have been detected, the 3 full-field deformation can be determined, providing a measure of the maximum principal 
11
Comparison of experimental and analytical results over a range of applied loads is
12
shown in (D).
14
Briefly, the analytical solution allows for calculation of the strain within a spherical object 15 embedded in a homogenous material of different material properties (see Fig. 2C ). The 16 relationship between the strain, material properties, geometry and displacement is under an animal license granted by the Irish Department of Health B100/4424.
25
One femur from each animal was extracted and placed in α-minimum essential medium
26
(α-MEM) supplemented with 10% foetal bovine serum (FBS), 2 mM L-glutamine, 100 U/mL 27 penicillin and 100 µg/mL streptomycin (all Sigma-Aldrich) at 37 °C, in order to maintain cell 28 viability within the samples. Additionally, the experimental study was performed in less than 29 five hours to minimise post-extraction time.
30
Femurs extracted from rats were cut proximally and distally using a diamond blade saw
31
(Isomet, Buehler) to produce 10 mm femoral shaft specimens. These were further cut to 32 produce longitudinal, semi-cylindrical samples that could be loaded and imaged 33 simultaneously in our custom device (see Fig. 3(A-C) imaging to prevent dehydration. Custom-designed epoxy resin grips were made for each 7 sample using a mould to prevent bone fracture and edge effects during loading. In order to investigate whether cells at our chosen imaging plane were affected by the cutting 7 process, a cell viability study was performed. A femur was harvested from a 4-month old 8 female Wistar rat, sectioned and processed as described above. The sample was then 9 incubated in a Live/Dead Viability/Cytotoxicity assay (L-3224, Invitrogen) for three hours.
Confocal Imaging and Mechanical Loading Conditions
10
Confocal scans of the sample were taken five hours post-extraction at depths of 0 and 50 µm 11 below the cut surface. These scans were performed at 10x magnification using an excitation 
Digital Image Correlation (DIC) Analysis
23
The DIC methods described above were applied to analyse a series of images of the loaded 24 osteocytes and osteoblasts, shown at 0 µε in Fig. 5A and 5B respectively. This allowed the 25 strain field in the cells to be calculated, providing contour plots of maximum principal strain strain values within this range by the total number of pixels that represent the cell. This 1 allowed determination of the percentage area of each cell that exceeds the osteogenic strain 2 threshold, which is taken as 10,000 µε (6, 24). As this is a 2D DIC analysis, the contour plots Statistical differences between groups were determined using the non-parametric Kruskal- A drop in the proportion of the cell exceeding the osteogenic strain threshold (10,000 µε) 7 occurs in osteoblasts (2.16 ± 4.39% vs. 13.68 ± 1.31%, p ≤ 0.025) at 34 weeks after the 8 SHAM operation. However, there was no significant change in this value for osteocytes, at 9 (5.77 ± 2.60% vs. 5.37 ± 2.08%). Similarly, there was no significant difference in strains The effect of osteoporosis on strain within bone cells was examined, with the strain 8 distribution for OVX and SHAM samples compared in Fig. 6 for osteoblasts and Fig. 7 osteocytes experienced greater maximum strains than osteoblasts, and it is noteworthy that 37 these stimuli occurred along the cell processes, known to be the most mechanosensitive area 38 of the osteocyte (32, 65).
39
Of particular interest in this study are the precise changes that occur during early- 
